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Abstract 
Morphological development of grasses has numerous impli- 
cations to rangeland management including the timing and 
amount of herhivory. The objective of this study was to quan- 
tify the developmental morphology of prairie sandreed 
[Calamovilfa longifoZiu (Hook.) Scrihn.] and sand bluestem 
[Andropogon gerurdii var. paucipilus (Nash) Fem.] tiller pop- 
ulations. Tier populations of these 2 grasses were studied for 
2 years in the Nebraska Sandhills. Plant development was 
evaluated using a growth staging system which quantifies the 
development of tiller populations. A morphological growth 
index for each species was calculated from either the weight- 
ed average of tiller numbers reported as mean stage count 
(MSC) or tiller weight reported as mean stage weight (MSW) 
and correlated with the independent variables of growing 
degree days (GDD) and day of year (DOY). Correlation coef- 
ficients with the independent variables were greater than 0.97 
for MSC and MSW within years and greater than 0.90 
between years. Greater rainfall and warmer temperatures in 
1991 increased the number of tillers in the more advanced 
morphological stages in prairie sandreed, but tiller weight 
rather than tiller number increased in more advanced stages 
of sand bluestem. A majority of the harvested tillers were 
vegetative throughout the sampling period but by the end of 
the growing season, a wide range of morphological stages 
were present. The use of grazing to prevent the formation of 
cuhned tillers in these grasses may be u~ecessary because of 
the high proportion of vegetative tillers and the wide range of 
morphological stages available for selection by livestock 
Key Words: phenology, tiller populations, mean stage count, 
mean stage weight, Culamovilfu longifoliu (Hook.) Scribn., 
Andropogon gerurdii vurpuucipilus (Nash) Fem. 
Prairie sandreed [Calamovilfa longifolia (Hook.) Scribn.] is the 
most uniformly distributed and abundant species in the Nebraska 
The authors would like to thank Drs. K. Vogel, A. Frank, W. Wilhelm, W. 
Schacht and D. Briske for their suggestions cm earlier versions of this manuscript. 
Published with the approval of the director the Univ. Of Nebraska-Lincoln, 
lnstitnte of Agriculture and Natural Resources, Agr. Res. Div. as Journal Ser. No. 
11716. U.S. Department of Agriculhue, Agriculhuai Research Service, Northern 
Plains Area, is an equal opportunity/affiiative action employer and all agency 
services are available without discrimination. 
Manuscript accepted 12 Sept. 1597. 
456 
Resumen 
El desarrollo morfol6gico de 10s pastos tiene numerosas 
implicaciones en el manejo de praderas incluido el tiempo de 
pastoreo y la carga animal. El objetivo de este estudio fue la 
cuantificaci6n del desarrollo morfoMgico de la poblacibn de 
hijuelos de prairie sandreed [Cakzmovilfa longifoliu (Hook.) 
Scribn.], del grupo de 10s zacatones, y popotillo arenoso 
[Andropogon gerardii var. paucipilus (Nash) Fern.]. La 
poblacibn de hijuelos de estas dos especies fueron estudiadas 
por dos ties en las Sandhills de Nebraska. El desarro 110 de las 
plantas fue evaluado usando un sistema de estados de desar- 
rollo, el cual cuantifica el desarrollo de la poblacibn de hijue- 
10s. Un indice de erecimiento morfol6gico para cada especie 
fue calculado a partir de1 promedio ponderado de1 ntimero de 
hijuelos reportados coma media de cada estado contado 
(MSC) o peso de 10s hijuelos reportado coma peso promedio 
de cada estado (MSW) y fue correlacionado con las variables 
independientes grad0 de crecimiento en dii (GDD) y dii de1 
aiio (DOY). Los coeficientes de correlaci6n con las variables 
independientes fueron mayores que 0.97 para MSC y MSW 
dentro de adios, y mayor que 0.90 entre adios. Las mayores 
pluviometrias y las temperaturas mb c5lidas de 1991 incre- 
men&u-on el ntimero de hijuelos en 10s estados morfohjgicos 
mL avanzados en prairie sandreed, pero el peso de 10s h@e- 
los, mk que el nemero de &tos, increment6 en 10s estados 
nubs avanzados de popotillo arenoso. A lo largo de1 period0 de 
muestreo, la mayoria de 10s hijuelos fueron cosechados en 
estado vegetativo, pero al final de1 period0 de crecimiento se 
present6 un amplio rango de e&ados morfohjgicos. El uso del 
pastoreo para prevenir la formaci6n de hijuelos en estado 
reproductive en estas especies no seria necesario debido a la 
alta proporcidn de hijuelos en estado vegetativo y al amplio 
rango de estados morfolbgicos disponibles para la selecci6n 
por parte de1 ganado. 
Sandhills and sand bluestem [Andropogon gerardii var. paucip- 
ilus (Nash) Fem.] is an important co-dominant (Burzlaff 1962). 
These 2 grasses along with little bluestem [Schitachyrium sco- 
parium (Michx.) Nash] make up 60% of the upland plant com- 
munity in the Nebraska Sandhills. Prairie sandreed develops 
rapidly in May and June and flowers from July to September 
(Tolstead 1942). Prairie sandreed also produces some biennial 
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tillers which are initiated in the summer and resume growth early 
the following spring (Brejda et al. 1988). Sand bluestem begins 
growth in May and flowers from the first week of July to 
September. The extent of reproductive growth in sand bluestem is 
determined by the amount of rainfall (Tolstead 1942). Sand 
bluestem may develop lateral inflorescences but usually these 
occur later than the terminal inflorescence (Sims et al. 1973). 
Tillering in sand bluestem appears to be under strong control of 
the parental tiller and is usually limited unless the parent tiller is 
defoliated or senesces (Sims et al. 1973, Brejda et al. 1988). 
In grasses, developmental morphology determines plant archi- 
tectural organization, influences accessibility and palatability to 
herbivores, and affects regrowth following defoliation (Briske 
1991). Developmental processes are affected by both genetic and 
environmental variables. Air temperature was found to be the pri- 
mary environmental variable regulating morphological develop- 
ment in western wheatgrass [Puscopyrum smithii Rydb.(Lilve)], 
blue grama [Boureloua gracilis (H.B.K.)Lag. ex. Griffiths], 
needleandthread (Stipa comata Trin. and Rupr.), and prairie june- 
grass [Koeleria pyramidata (Lam.)Beauv.] (Frank and Hofmann 
1989). However, day of the year predicted leaf development as 
well as accumulated growing degree-days in little bluestem and 
big bluestem [Andropogon gerurdii Vitman] (Gillen and Ewing 
1992). Both growing degree day (GDD) and day of the year 
(DOY) appear to be valuable predictors of grass morphological 
development. 
Indices used in previous research on grass morphological 
development, often did not evaluate actual tiller populations. 
Moore et al. (1991) developed a system of growth staging that 
quantified the morphology of tiller populations rather than indi- 
vidual tillers or a selected group of tillers. By examining tiller 
populations, this system evaluates a more representative sample 
and should predict the morphology of available forage more 
accurately than previously used growth staging systems (ie. Haun 
1973; Simon and Parks 1983). 
The objective of this study was to quantify the developmental 
morphology of tiller populations of prairie sandreed and sand 
bluestem relative to GDD and day of year using the growth index 
described by Moore et al. (1991). These grasses are major com- 
ponents of the vegetation of the region and heavily utilized by 
grazing animals (Northup 1993). Knowledge of grass morpholo- 
gy is essentitial for designing grazing systems and understanding 
the impact of grazing on vegetative communities occurring in the 
Nebraska Sandhills. 
Materials and Methods 
Prairie sandreed and sand bluestem tiller populations were 
studied for 2 years at the University of Nebraska Gudmundsen 
Sandhills Laboratory (GSL) near Whitman, in the Nebraska 
Sandhills. The soil was a Valentine fine sand (mixed, mesic 
Typic Ustipsamment) and study areas were dominated by prairie 
sandreed and sand bluestem. These 2 grasses made up greater 
than 70% of the biomass in the study areas. A mixture of forbs 
and other grasses, including little bluestem, prairie junegrass and 
switchgrass (Panicurn virgatum L.), comprised the remaining 
vegetation. The study areas were in good range condition. 
Average annual precipitation at the laboratory site is 5 14 mm. 
In April 1990, 12 blocks, ranging in size from 20 X 20 m to 30 
X 50 m, were located within a 2-km radius. Block size was deter- 
mined by the species composition and terrain homogeneity. All 
blocks were located on sands range sites that were not grazed 
during the sampling period. In April 1991, 8 similar ungrazed 
blocks were located on sands sites within a 2 km radius. 
Sampling began on 15 May 1990, and continued at approximate- 
ly lo-day intervals until 24 Aug. 1990. Sand bluestem was not 
sufficiently developed for sampling at the first date in 1990 but 
was sampled on subsequent harvest dates. Sampling started 20 
May and continued, at lo-day intervals, until 21 Aug. 1991. 
At the start of each season, 12 transects were permanently 
marked, within each block, to aid in sample location. Samples 
were located by randomly choosing a transect and a random point 
along the transect. A l-m* quadrat was placed on the random 
point and all tillers of a target species within the quadrat were 
clipped leaving a 3 cm. stubble. This procedure was repeated, 
within a block, until approximately 20g (fresh weight) of a target 
species were collected. This was usually 40 to 60 tillers. 
Complete quadrats were clipped even if the minimum tiller num- 
ber was reached prior to completion of clipping. After a quadrat 
was sampled, the area was marked so it would not be resampled 
at a later harvest. Each of the target species was sampled in this 
manner in all blocks at all dates. This sampling regime was car- 
ried out in both years, although in 199 1, a minimum of 2 quadrats 
was harvested even if the minimum tiller number was reached in 
the first quadrat. Because of the variable number of quadrats 
needed to obtain the minimum quadrat and tiller numbers for 
each species, not all the transects were sampled on each harvest. 
A range of 5 to 10 transects was usually sampled within each 
block during each harvest. 
Developmental morphology of the tiller population was esti- 
mated using the mnemonic scale described by Moore et al. 
(1991). The system categorizes the life cycle of individual grass 
tillers into 5 primary growth stages: 0) germination, 1) vegetative, 
2) transition, 3) reproductive, and 4) seed ripening but the germi- 
nation growth stage was not applicable in our study. Each prima- 
ry stage contains substages that describe specific events common 
to most grasses. An individual growth stage consists of a primary 
and substage and has a mnemonic and numerical index associated 
with it. This growth staging system is described in greater detail 
in Moore et al. (1991). 
If more than 50% of a leaf was dead, it was not included when 
determining morphological stages (Moore et al. 1991). Events 
were recorded in the elongation stage only if the nodes were pal- 
pable in the field. Node determination in prairie sandreed 
required peeling back the leaf sheaths because the large, thick 
sheaths obscured the nodes. Sand bluestem nodes were more 
exposed and were easily located. 
Some prairie sandreed inflorescences emerged from the side of 
the sheath while the tops of the seedheads were still wrapped in 
the flag leaf. Once the seedhead emerged from either the side or 
the top of the sheath, the tiller was considered to be in the inflo- 
rescence emergence stage. Since sand bluestem had multiple 
inflorescences, the stage of development was based on the most 
advanced inflorescence which was generally the terminal inflo- 
rescence. Seed ripening stages (SR) were difficult to classify 
especially in the smaller seeded prairie sandreed. 
Tillers of each stage were counted and placed in separate sacks 
in the field and later dried at 55” C. The quantitative growth 
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indices (Moore et al. 1991) were computed at the conclusion of 
the growing season by determining the total number of morpho- 
logical events in the vegetative and transition stages. The mean 
stage by count (MSC) was calculated using the following work- 
ing formula: 
Msc=ig +l s. X N. 
Where: 
Si = growth stage, 0 to 4.9 
Ni = number of tillers in stage Si 
C = total number of tillers 
The mean stage weight (MSW) value is calculated by replacing 
N with the dry weight of tillers in stage Si and C with the total 
dry weight of all the tillers. 
The standard deviation of the mean stage by count (S,,,), 
which estimates the amount of variation around the MSC, was 
estimated using the following equation: 
(2) 
me %, is useful in interpreting the variability in maturity that 
exists within a grass stand (Moore et al. 1991). If the tiller num- 
bers in an advanced sub-stage of the vegetative or elongation 
stages were less than I % of the total tillers collected in that stage, 
the tillers were then included in the next lower substage. 
Daily growing degree days (GDD) were calculated as [(Trnax + 
T,, )/Z] - TB where Tmax was the maximum daily air tempera- 
ture , and Tmin was the minimum daily air temperature with a 
lower limit of 10” C and T, was equal to 10” C. Accumulated 
GDD were calculated by summing daily GDD from 1 January of 
each year. This formula is similar to the formula proposed by 
Russelle et al. (1984) but without the maximum temperature limit 
of 30” C. Morphological development of switchgrass in response 
to cumulative GDD has been evaluated without an upper temper- 
ature maxima (Sanderson and Wolf 1995a,I995b). We felt the 
assumption of a broad temperature maxima was also appropriate 
for the 2 C4 grasses we studied. Weather data were collected 
electronically at laboratory headquarters, which was located with- 
in 2 km of all the plots. Thirty-year averages were taken from the 
closest U.S. Weather Bureau station, which was located 20 km 
northeast of the research site. Correlation coefficients were calcu- 
lated using the correlation procedure in the SAS (1985) statistical 
program on the means for each sampling date 
Precipitation and Growing Degree Days 
Precipitation for 1990 was 351 mm which was 64% of normal. 
Precipitation during the sampling period of May, June, July, and 
August was 251 mm or 76% of the normal for that period. In 
1991, the annual precipitation was 526 mm or 95% of normal. 
Precipitation for the sampling period of May through August was 
353 mm or 110% of normal. Valentine fine sands have low water 
holding capacities (0.18-0.23 cm cm-t) which makes frequency 
of precipitation more important than total amount. Although 1990 
was drier than 1991, rain showers that did occur were minimal 





















Fig. 1. Precipitation and daily high temperatures from 1 May to 1 
Sept. in 1990 (a) and 1991 (b) for the Gudmundsen Sandhills 
Laboratory, Whitman, Nebr. 
Fewer growing degree days (GDD) had accumulated up to start 
of sampling in 1990 than in 1991 (382 vs. 538 GDD) and each 
sampling date in 1991 had greater accumulated GDD than equiv- 
alent dates in 1990. In both years, accumulated GDD at the start 
of sampling, was greater than normal (302 GDD) 
Results and Discussion 
Prairie sandreed started growth earlier and had more rapid early 
season development than sand bluestem in both years (Figs. 2, 
3). This is consistent with earlier reports from the Sandhills 
(Tolstead 1942). Morphological development (MSC and MSW) 
for each species was strongly correlated with GDD and DOY in 
both years (Table l), but MSW increased at a faster rate than 
MSC (Figs. 2, 3). The MSW index, averaged over both species 
and years, increased 0.125 index units every 10 days compared to 
a 0.07 index unit increase in the MSC index. Differences between 
the 2 indices were especially pronounced later in the growing 
season. After elongated tillers were detected, the MSW index 
increased 0.15 index units and the MSC index increased 0.08 
index units every 10 days compared a 0.08 and 0.06 index unit 
increase every 10 days prior to tiller elongation for MSW and 
MSC respectively. The heavier tillers in the more advanced 
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Table 1. Correlation coeffkients (r) of the growth indices, mean 
stage by count (MSC) and mean stage by weight (MSW), with 
growing degree day (GDD) and day of the year @AY) for prairie 
sandreed and sand bluestem in 1990, 1991 and combined over 
both years. 
Species Growth Index 
r 









MSC 0.98 0.99 
MSW 0.98 0.98 
MSC 0.99 0.98 
MSW 0.97 0.97 
MSC 0.99 0.99 
MSW 0.99 0.98 
MSC 0.99 0.99 
MSW 0.99 0.99 
MSC 0.98 0.98 
MSW 0.98 0.96 
MSC 0.96 0.91 
MSW 0.98 0.94 
growth stages made up an increasingly greater percentage of the 
biomass as the season progressed (Figs. 4B, 4D, 5B, 5D) and 
therefore influenced MSW more than MSC. Although MSW pro- 
gressed at a faster rate than MSC, both indices were highly corre- 
lated with each other (r = .99) for both species in both years. 
The strong correlation of morphological development with both 
accumulated GDD and DOY is supported by Gillen and Ewing 
Prairie Sandreed 
120 140 160 160 200 220 240 
Day of the Year (DOY) 
30 







500 1000 1500 2000 2500 
Accumulated Growing Degree Days (GOD) 
Fig. 2. Mean Stage by Count (MSC), Mean Stage by Weight (MSW) 
growth indices and standard deviation of MSC (S,) related to 
day of the year (a) and accumulated growing degree days (b) for 
prairie sandreed in 1990 and 1991. 
Sand Bluestem 
05. . .9--m o d-o- .>=- -D 00 r----G ‘% MSC zi 
120 140 160 160 200 220 240 r- ,, MSWINO 
Day of Ihe Year (OOY) . MSC 1001 
30 . MSW1091 
B 0 Smsc ma 
25 . Smsc 1991 
500 1000 1500 2000 2500 
Accumulated Growing Degree Days (GDD) 
Fig. 3. Mean Stage by Count (MSC), Mean Stage by Weight (MSW) 
growth indices and standard deviation of MSC (Smsc) related to 
day of the year (a) and accumulated growing degree days (b) for 
sand blue-stem in 1990 and 1991. 
(1992) who found that DOY predicted leaf development as well 
as GDD in big and little bluestem. Although GDD and DOY had 
similar correlation coefficients, increased GDD accumulation and 
greater precipitation resulted in the MSW growth index of both 
species being more advanced at the end of the season in 1991 
than in 1990 (Figs. 2, 3). In prairie sandreed especially, the more 
advanced end of season growth indices in 1991 were determined 
more by a higher initial growth index than by faster development 
during the growing season. Over the 1991 sampling period, 
prairie sandreed developed at the same rate as in 1990 per 100 
GDD (MSC = 0.04 index units, MSW = 0.07 index units) and at a 
similar rate of development per 10 calendar days (1990 MSC = 
0.07 index units, MSW = 0.12 index units; 1991 MSC = 0.08 
index units, MSW 0.14 index units). However, the initial growth 
indices for prairie sandreed were higher in 1991 than in 1990 
(1990 MSC = 1.11, MSW = 1.14; 1991 MSC = 1.27, MSW = 
1.31). 
Growth indices have been used to evaluate morphological 
development and determine the grazing readiness of grasses. For 
example, Frank and Hoffman (1989) related grazing readiness, as 
determined by the Haun scale (1973), to GDD and developed a 
practical method for predicting grazing readiness of native grass- 
es in the Northern Great Plains. In the Nebraska Sandhills, warm- 
season grass utilization generally begins around 1 June (P. Reece 
personal communication). Development in sand bluestem prior to 
1 June was more consistently related to DOY than GDD. By 30 
May 1990, sand bluestem had a MSC growth index of 1.15 which 
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1990 1991 
Mean Stage Count Mean Stage Weight Mean Stage Count Mean Stage Weight 
Sand Biuestem 6: P Sand Bluestem 
E A 
Prairie Sanhed Prairie Sanckeed 
Fig. 4. Percent of harvested tillers in the vegetative, elongated, repro- Fig. 5. Percent of harvested tillers in the vegetative, elongated, repro- 
ductive and seed ripening growth stages that contributed to Mean ductive and seed ripening growth stages that contributed to Mean 
Stage Count (A) and Mean Stage Weight (B) in sand bluestem and Stage Count (A) and Mean Stage Weight (B) in sand bluestem and 
Mean Stage Count (C) and Mean Stage Weight (D) in prairie Mean Stage Count (C) and Mean Stage Weight (D) in prairie san- 
sandreed in 1990. dreed in 1991. 
was similar to the MSC growth index (1.17) on 29 May 199 1. 
However, accumulated GDD prior to 1 June was 140 GDD more 
in.1991 than in 1990 (1991 GDD = 678, 1990 GDD = 536). 
In contrast, development of prairie sandreed prior to 1 June was 
not consistently related to DOY. Prairie sandreed had a MSC 
growth index of 1.19 on 30 May 1990 compared to 1.33 on 29 
May 199 I. Faster accumulation of GDD and increased precipita- 
tion during the first half of April 1991 would have contributed to 
the more rapid development of prairie sandreed in 199 1. 
Although increased GDD accumulation apparently contributed to 
more rapid early season development in prairie sandreed, accu- 
mulated GDD could not be consistently related to individual 
MSC values later in the season. For example, prairie sandreed 
took an additional 200 GDD to reach an MSC value of 1.27 in 
1990 than in 1991. The relationship between GDD and early sea- 
son development was inconsistent for both species and more 
research is needed to determine the grazing readiness of these 
grasses. The growth index designed by Moore et al. (1991) pro- 
vided a fast and accurate assessment of the morphological devel- 
opment of tiller populations of these 2 grasses. These attributes 
make it an excellent tool for evaluating morphological status rela- 
tive to grazing readiness, forage quality, or environmental influ- 
ences on development. 
The growth indices stabilized during the interval between the 
last 2 harvests in 1990 (Figs. 2, 3) because of increased leaf 
senescence. The period 13-21 Aug. 1990 was characterized by 
several days of high temperatures (daily high temperatures > 33” 
C) which combined with decreased August precipitation (72% of 
normal) to increase leaf senescence. Both mean stage count 
(MSC) and mean stage weight (MSW) only use leaves present on 
the stem when it is harvested and so it is possible for the growth 
indices to stabilize or decline when leaf sensence is high. This is 
especially true when there are large numbers of vegetative tillers 
as with the populations of these 2 species. The more succulent 
leaves of sand bluestem may be more sensitive to stress and 
senesce more readily than prairie sandreed leaves. In 1990. the 
MSC index for sand bluestem did not increase from 800 to 1,150 
GDD (approximately late June 1990) (Fig. 3) reflecting increased 
leaf senescence. Daily high temperatures during this period (> 
32” C), including several days in excess of 38’ C (Fig. 1 A), com- 
bined with low precipitation (5 mm) to increase leaf senescence 
in sand bluestem more than in prairie sandreed. 
Both species responded differently to the increased precipita- 
tion and more rapid GDD accumulation in 1991 compared to 
1990. Prairie sandreed had a larger proportions of tillers in 
advanced substages in 1991 (Figs. 4C, 5C) but the advanced 
tillers had lower mean individual tiller weights than in 1990 
(1990 = 1.05 g tiller-‘, 1991 = 0.76 g tillers’). Higher numbers of 
smaller tillers in the more advanced growth stages caused both 
growth indices for prairie sandreed to be IO to 15% higher at the 
end of the season in 1991 compared to 1990. In contrast to prairie 
sandreed, the MSC index for sand bluestem was relatively con- 
stant between years (Fig. 3) indicating there was a similar propor- 
tion of tillers in all growth stages in both years. Sand bluestem 
responded to improved growing conditions in 199 1 by increasing 
tiller weights in the more advanced growth stages. This interpre- 
tation is supported by a more advanced MSW index in 1991 than 
in 1990 (Fig. 3). a declining contribution of vegetative tillers to 
biomass in the MSW index in 1991 compared to 1990 (Figs. 
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4B,5B) and increased mean tiller weights for the elongated tillers 
in 1991 (1.05 g tiller“) compared to 1990 ( 0.91 g tiller-‘). 
The improved growing conditions in 1991 resulted in some 
morphological stages being observed in 1991 that were either not 
present in 1990 or occurred earlier in 1991 than in 1990. For 
example, prairie sandreed tillers in the elongation stage were 
observed approximately 2 weeks earlier in 1991 and their num- 
bers increased more rapidly than in 1990 (Figs. 4C, SC). 
Improved growing conditions in 1991 may have accelerated 
development and caused a faster rate of growth in internodal 
intercalary meristems and therefore an earlier detection of culm 
elongation. It should be noted, however, that detection of palpa- 
ble nodes does not indicate initiation of culm elongation but 
rather the point when culm elongation is readily detectable. 
Better growing conditions in 1991 also resulted in some sand 
bluestem tillers entering the seed ripening stage of development 
in 1991 (Fig. SA) but not in 1990 (Fig. 4A). 
Although there were differences in morphological development 
between species, a majority of the harvested tillers were vegeta- 
tive (growth index 1.0-2.0) in both years (Figs. 4A, 4C, 5A, 5C). 
This was apparent in sand bluestem where, even late in the sea- 
son, approximately 80% of the tillers collected were in the vege- 
tative stage (Figs. 4A, 5A). Tiller populations for prairie sandreed 
had a smaller percentage of vegetative tillers late in the growing 
season, but still more than 50% of the tillers were vegetative 
(Figs. 4C, SC). However, the contribution of vegetative tillers to 
biomass was more limited. In prairie sandreed, vegetative tillers 
contributed about 25% to the MSW index by the end of the sea- 
son in 1991 (Fig. 5D). This trend was also apparent in sand 
bluestem, although vegetative tillers still contributed more than 
40% to MSW (Fig. 5B). Still, tillers with 3 nodes or less con- 
tributed a majority of the weight in the elongated growth stage in 
both species. When combined with the weight of the vegetative 
tillers, a majority of the biomass, even late in the season, was 
comprised of vegetative tillers or elongated tillers in the early 
stages of development which are readily grazed by livestock 
(Figs 4B, 4D, 5B, 5D). 
Forage availability to livestock may be affected by the differ- 
ences in species responses to growing conditions. Morphological 
advancement of prairie sandreed in 199 1 resulted in a higher per- 
centage of culmed and reproductive tillers compared to 1990 
(Fig. 4C, 5C). Greater numbers of reproductive tillers have been 
identified as a grazing avoidance mechanism in caespitose grass- 
es (Ganskopp et al. 1992, Truscott and Cm-tie 1989, Willms et al. 
1980) although this does not seem to be true for the rhizomatous 
prairie sandreed. Prairie sandreed in this area has previously been 
reported to be selected at a high and consistent level by yearling 
steers (Northup 1993) despite its relatively low nutritive value 
(Hendrickson et al. 1997). Abundance, availability and frequency 
of encounters may result in the relatively high selection of prairie 
sandreed (Northup 1993) and culmed tillers may not be concen- 
trated enough to deter herbivory. 
A wide range of morphological stages influences animal selec- 
tion. In the growth staging system developed by Moore et al. 
(1991), s,,, estimates the morphological diversity in a tiller pop- 
ulation. The S,sc increased as morphological development 
advanced which indicated morphologically advanced tiller popu- 
lations for these 2 species contained a wide variety of morpholog- 
ical stages (Figs. 2, 3). The first sampling date generally had 
about 4 separate sub-stages but at the end of the growing season 
as many as 20 separate sub-stages were present in some popula- 
tions. The wide range of morphological stages (high S,,,) would 
allow livestock to select a diet high in vegetative tillers even rela- 
tively late in the growing season. 
The reproductive stage (seed head development) occurred at 
approximately the same date (mid-July) in both years and 
species. Onset of the seed ripening occurred sooner in 1991 than 
in 1990 for prairie sandreed (Fig. 4C, 4D, 5C, 5D). In 1990, no 
sand bluestem tillers reached the seed ripening growth stage; 
however, some tillers reached this stage in 1991 (Figs. 4A, 5A). 
In prairie sandreed, only 40 growing degree days (GDD) separat- 
ed the timing of seed ripening between years. Sand bluestem 
entered the seed ripening stage at the same time as prairie san- 
dreed in 1991. The timing of these 2 events was consistent with 
the previously reported development of these species in the 
Nebraska Sandhills (Tolstead 1942) but occurred earlier than for 
reports for sand bluestem from Colorado (Sims et al. 1973). 
The number of tillers in the seed ripening stage was relatively 
small in both years. Only the final harvest date in 1990 and the 
final 2 harvest dates in 1991 had appreciable numbers of tillers in 
the seed ripening stage and these comprised less than 5% of the 
tillers collected in those harvest periods (Fig. 5). Early reports 
(Tolstead 1942) indicated seed production rarely occurred in 
mature stands of these species such as those present at the 
research site. The lack of reproductive development in these 
grasses is consistent with investigations into seed banks of North 
American grasslands which have demonstrated a lack of corre- 
spondence between composition of seed banks and aboveground 
vegetation (Johnson and Anderson 1986, Coffin and Lauenroth 
1989, Kinucan and Smeins 1992). Vegetative reproduction 
appears to be the primary method of propagation in perennial 
grasses in these systems. 
Both GDD and day of year (DOY) were equally related to mor- 
phological development of the tiller populations of these 2 grass- 
es within a year. Accumulated GDD would incorporate tempera- 
ture variations and theoretically should have a better relationship 
over several years. Data from prairie sandreed supports this con- 
clusion. Each species responded differently to improved plant 
growth conditions in 199 1. Prairie sandreed increased the number 
of tillers in the more advanced stages while sand bluestem 
increased tiller weights in the more advanced stages. In both 
species, more than 50% of the end of season biomass was com- 
prised of tillers in the vegetative and early elongation stages. 
Since morphological advancement has a relatively limited influ- 
ence on leaf nutritive value (Hendrickson et al. 1997) and most 
tillers in these grasses had not advanced past the early elongation 
stage, increasing grazing pressure to prevent these 2 species from 
forming culmed tillers may not be needed on rangelands dominat- 
ed by these grasses. 
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